Introduction
============

One of the complex issues in human reproduction techniques is embryo implantation \[[@B1]\]. Little is known about this process and it has been reported that more than 70% of transferred embryos are not capable of implantation and only 14% of them are born healthy.

There are many variables that may impact the physiologic processes of implantation \[[@B2]\]; endometrial receptivity and good quality of the embryos are important factors in implantation. Moreover, embryo morphology study is one of the methods that is routinely practiced at infertility treatment centers to select good-quality embryos for transfer. The graduated embryo score (GES) is a rating system developed to predict blastocyst formation and pregnancy rate from cleavage-stage embryos \[[@B3]\]. GES is based on the features of the early stages of embryonic development, including the degree of fragmentation, blastomere number, and cleavage. However, implantation rate is only 39% for transferred embryos with high GES \[[@B3]\]. Furthermore, pre-implantation genetic diagnosis (PGD) has shown that embryos with good morphology may also have chromosomal and genetical disorders, indicating that the morphology studies cannot predict the rate of implantation of embryos of high quality. Thus, morphology analysis alone cannot determine the fate of the embryo. On the other hand, PGD techniques require invasive biopsies and can disturb embryo growth. Moreover, based on previous observations, early miscarriage is associated with chromosomal abnormalities such as aneuploidy \[[@B4]\]. Fluorescence *in situ* hybridization assays are normally used to detect such abnormalities, but this method also requires biopsies.

A non-invasive method to select suitable embryos is to examine the supernatants of embryo culture media to improve pregnancy rates after assisted reproduction techniques \[[@B5]\]. Soluble human histocompatibility leukocyte antigen, class I, G (sHLA-G) antigen is a known non-classical class I molecule \[[@B6]\] secreted from the embryo culture and is a marker of pregnancy failure or implantation success. In general, the HLA-G gene produces seven isoforms, four of which are membrane-bound and the other three are soluble \[[@B7]\]. Both membrane-bound and soluble isoforms are inhibitors of the immune system.

Although embryos secreting sHLA-G may predict successful pregnancy, sHLA-G-negative embryos can also lead to pregnancy \[[@B8]\]. However, the chance of pregnancy in sHLAG-positive embryos is higher than that of sHLA-G-negative embryos. In addition, the abortion rate increases threefold in sHLA-G negative embryos. Therefore, sHLA-G can be used to predict the chance of pregnancy in women who have been treated for infertility and it can be used as a marker in non-invasive approaches. For example, pregnancy and implantation rates can be maximized when specific embryos are selected for transfer based on their individual sHLA-G expression \[[@B9]\].

During the process of embryo implantation, the embryo must not be rejected by the mother\'s immune system \[[@B10]-[@B12]\]. T helper lymphocyte is an immune system factor that plays an important role in the attachment of embryonic cells to decidua \[[@B13], [@B14]\]. In addition, natural killer (NK) cells are actively involved in the endometrial luteal phase and the early stages of decidua formation. These cells contain receptors for HLA-G expressed by trophoblast interstitial cells \[[@B6], [@B15]\] at the mother-fetus contact site \[[@B16], [@B17]\]. Endocytosis of HLA-G by these receptors stimulates specific cytokines and proinflammatory/proangiogenic agents which in turn assist successful implantation \[[@B8]\]. Cells expressing HLA-G are protected against NK cells \[[@B18]\].

Whether there is any positive relation between sHLA-G and morphology of the embryo is still under debate. For example, it has been shown that there is no direct correlation between embryo morphology and the level of sHLA-G expression \[[@B1]\]. On the other hand, it has been reported that in the supernatant of single-embryo cultures, the sHLA-G levels were positively correlated to embryo quality and that the presence of sHLA-G was significantly associated with clinical pregnancy after intracytoplasmatic sperm injections (ICSI) \[[@B8]\]. However, the correlation between sHLA-G and embryo morphology at different days post-transfer was not investigated.

Here, we studied the correlation between the level of expression of sHLA-G and embryo morphology in single-embryo cultures 48-72 h post-fertilization.

Materials and Methods
=====================

Sample collection
-----------------

After approval of ethics committee, seventy five embryonic samples were collected at the IVF Center of Taleghani Hospital between June and July of the year 2010. All patients (aged 24-34) agreed with the experiments and were screened for infertility related illnesses such as endometriosis and polycystic ovarian syndrome (PCO).

Ovarian stimulation
-------------------

Ovarian stimulation was performed by a specialist physician at the Taleghani Hospital, Velenjak, Tehran, Iran.

Embryo culture
--------------

After collection of the egg and sperm from the couples, *in vitro* fertilization was done by ICSI into the oocyte. Each embryo was cultured in a single droplet of SAGE Quinn\'s Advantage Cleavage media (CooperSurgical, Trumbull, CT, USA) supplemented with 10% serum protein substitute (SPS) from day 1 to day 3. At day 3, the fertilized egg was checked under an inverted microscope and then it was transferred into SAGE Quinn\'s Advantage Blastocyst media supplemented with 10% SPS until day 5/6.

The patient groups
------------------

All cultured media were divided into three groups (A, B, and C) according to day of transfer (48 to 72 hour postfertilization) and embryonic cleavage ([Table 1](#T1){ref-type="table"}). Group A embryos were examined 48 hour post-fertilization. Groups B and C embryos were examined 72 hour post-fertilization. Group B em bryos had reached the 8-cell stage and group C embryos had reached the morula stage. In addition, each group was subdivided into two subgroups according to the quality of the embryos based on the microscopic appearance. The percentage of the total embryo volume that was replaced by fragments was estimated and embryos with a lower degree of fragmentation (\<20%) were considered as high-quality embryos. The remaining embryos were considered as low-quality. In addition, blastomeres with different sizes, and cells with the presence of multinucleation and vacuoles were factors of low-quality. Therefore, subgroup 1 had a higher quality compared to subgroup 2 for each group. The culture medium itself was used as the negative control.

sHLA-G analysis
---------------

The culture medium was examined for the expression and secretion of sHLA-G with a Sandwich enzyme-linked immunosorbent assay (ELISA) kit (BioVendor, Heidelberg, Germany) according to the manufacturer\'s instruction. Briefly, the standard calibrators (n=6) and samples (n=75) were added to an anti-sHLA-G monoclonal antibody coated 96-well plate. The plate was then incubated at 2-8℃ for 16-20 hours. After washing 5 times, the monoclonal antihuman b2-microglobulin antibody labeled with horseradish peroxidase (HRP) was added and the plate was incubated at room temperature for 1 hour. Following another washing step, the substrate solution (TMP) was added to react with the remaining HRP conjugate and incubated in the dark for 30 minutes. To stop the reaction, an acidic solution was added. The absorbance of the yellowish product was immediately measured by an ELISA reader at 450 nm. The absorbance is proportional to the concentration of the sHLA-G. Sample concentrations were quantified according to the standard curve (unit/ml).

Statistical analysis
--------------------

Data analysis was performed using SPSS ver. 11.0 (SPSS Inc., Chicago, IL, USA) software. Student\'s *t*-test was used to compare the data of two different groups. To compare three or more groups, ANOVA was used (P≤0.05, P≤0.01).

Results
=======

After the IVF of all sperms and eggs by the ICSI method, the culture media were grouped according to quality, embryonic cleavage, and day of transfer. The general appearance and morphology of each group is presented in [Fig. 1](#F1){ref-type="fig"}. Some embryos showed blastomeres with different sizes (A2, B2, and C2) and therefore they were considered as low quality. Overall, there were more high-quality embryos than low-quality embryos in our samples (A1 \[n=20\], A2 \[n=19\], B1 \[n=15\], B2 \[n=7\], C1 \[n=7\], C2 \[n=7\]). As shown in [Fig. 1](#F1){ref-type="fig"}, the area around blastomeres of subgroup 1 was not occupied with granules, unlike that of the subgroup 2.

Using ELISA, the optical density of each sample was measured and concentration of sHLA-G was calculated. The corresponding data of each group/subgroup were compared ([Fig. 2](#F2){ref-type="fig"}). Within each group, the concentration of sHLA-G of subgroup 2 was significantly lower than subgroup 1 ([Fig. 2A](#F2){ref-type="fig"}); A2 was 12.02 unit/ml lower than A1, B2 was 12.18 unit/ml lower than B1, and C2 was 22.68 unit/ml lower than C1.

The concentration of sHLA-G in every subgroup 1 was significantly higher than subgroup 1 of the previous group; C1 was 5.5 unit/ml higher than B1, and B1 was 8.54 unit/ml higher than A1 ([Fig. 2B](#F2){ref-type="fig"}). In contrast, the difference between C2 with A2 and B2 was not statistically significant ([Fig. 2C](#F2){ref-type="fig"}). However, in general, the total concentration of sHLA-G in each group (subgroups 1 and 2 combined) was higher than the previous group meaning the concentration increased each day as the cells divided.

Discussion
==========

Non-invasive embryo selection methods are being improved to distinguish good-quality from poor-quality embryos. One of such laboratory methods is to examine the secretion of embryonic factors into the culture media \[[@B19]\]. In this study, the expression of sHLA-G protein in all post-fertilized culture media samples was measured by ELISA. The main objective was to confirm if there is any correlation between the quality of embryos and the concentration of sHLA-G in Iranian patients. Here we show that in the culture media with considerable embryo quality after ICSI, the concentration of sHLA-G in the same group increases compared to the previous day.

On the other hand, the first embryonic cell divisions in humans are controlled by the mother\'s genome. Subsequently, activation of the embryo genome occurs between the 4-cell to 8-cell divisions after fertilization. In this study therefore, our focus was at the same stage of cell division. Unlike previous data obtained from Iranian patients \[[@B20]\], we showed that it is clearly possible to determine the concentration of sHLA-G protein two to three days post-ICSI. We also showed that we are able to select embryos that have a better genome, as the higher the sHLA-G concentration, the higher the quality of embryos and the chance of survival. Although the concentration of sHLA-G in C2 was lower than in B2, the concentration of C1 (which has relatively more high-quality embryos) was higher than the rest of subgroups 1. Perhaps the lower number of samples with lower quality resulted in lower concentration of sHLA-G in subgroup C2. Therefore, the conclusions of this study are based more on the data obtained from subgroups 1.

We showed that the expression of sHLA-G was higher in the morula-stage and in 8-cell embryos compared to that of the 4-cell embryos. Normally, the increase of this protein in culture media is proportional to a variety of factors including the rate and the number of division and duration of culture \[[@B5]\]. It has also been shown that the higher the amount of sHLA-G, the higher the chance of successful implantation and pregnancy \[[@B15]\]. Here, we showed that the expression of sHLA-G is relative to the morphology of the embryo and that the more normal the embryo is according to the GES system, the higher the expression of sHLA-G. It is common that during cleavage, some portions of the cells break off and separate from the nucleated area. As shown here, higher expression of sHLA-G was observed in samples with lower fragmentation scores.

Our finding was in contrast with previously published data that claimed detectable levels of sHLA-G is not produced by day 2 embryos \[[@B20]\]. Not only we were able to successfully detect sHLA-G, but also we showed that the concentration of sHLA-G increased daily after ICSI in samples categorized as subgroup 1. Moreover, it was previously claimed that such a measurement may not provide reliable information for embryo selection and estimation of pregnancy success \[[@B20]\]. According to our data however, the concentration of sHLA-G is correlated to the quality of the embryo.

In conclusion and in agreement with previous findings \[[@B8], [@B19]\], our study further suggests that sHLA-G concentration and quality of embryos are two important factors that have a direct and positive relation. We further suggest that these factors should be seriously taken into consideration in IVF trials. However, in the future experiments it would be interesting to continue this research with more samples to get results that are more accurate. This way, we will be able to establish relatively more precise standard data between highquality groups at different days post-ICSI in order to compare all of our future data with.
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![The morphology of embryos at different time points post-intracytoplasmic sperm injection (ICSI) (×400). (A1) An embryo 48 h post-ICSI. (A2). An embryo 48 h post-ICSI, although the quality was lower compared to A1. (B1) An embryo 72 h post-ICSI. (B2) An embryo 72 h post-ICSI, although the quality was lower compared to B1. (C1) An embryo 72 h post-ICSI at morula stage. (C2) An embryo 72 h post-ICSI at morula stage, although the quality was lower compared to C1.](acb-44-331-g001){#F1}

![The concentration of sHLA-G in each group measured by enzyme-linked immunosorbent assay. (A) The concentration in all groups/subgroups. (B) Comparison of the concentration between each subgroup 1. Note that the concentration increased in each group compared to the previous group. (C) Comparison of the concentration between each subgroup 2. Addition of C1 in this figure was to show there was no statistically significant change between subgroups 2. Each data point represents three independent measurements and the error bars indicate the standard error of the mean. sHLA-G, soluble human leukocyte antigen, class I, G. ^\*^*P*\<0.05 were referred to as statistically significant differences.](acb-44-331-g002){#F2}
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Grouping of the culture media
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The culture media were divided according to the day of transfer after intracytoplasmic sperm injection and the embryonic cleavage. Each group was subdivided into two subgroups according to the quality of the embryos. ^a)^Quality of the embryos was based on the microscopic appearance and the subgroup 1 had a higher quality compared to subgroup 2.
